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'ITLE OF THE INVENTION 
OPTICAL FILM USING DIFFRACTION GRATING AND DISPLAY 
DEVICE USING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application is based upon and claims the 

benefit of priority from the prior Japanese Patent 
Application No. 2000-264438, filed August 31, 2000, the 
entire contents of which are incorporated herein by 
reference . 

^3 10 BACKGROUND OF THE INVENTION 

:.C 1. Field of the Invention 

ru 

XI This invention relates to an optical film using 

M, diffraction grating and a display device using the 

L,i, same. 

sen : 
n s J 

p 15 2. Description of the Related Art 

Display devices to which such an optical film is 
applicable include the following. 

(1) Transmission type liquid crystal display 
devices requiring a light source such as a back light 
20 unit. 

In a transmission type liquid crystal display 
device, a liquid crystal panel is illuminated at a back 
side (the side opposite to the side of viewers) or a 
lateral side with light emitted from a light source 
25 such as a back light unit or an edge light unit and a 

pattern produced on the liquid crystal panel is 
displayed by emitted light. 



With such a display device, an optical film such 
as a diffusion film or a prism film is used to control 
illuminating light so that it may irradiate the entire 
surface of the liquid crystal panel uniformly or in a 
given direction. 

When a back light unit is used, a simple diffusion 
film will simply diffuse light isotropically so that 
light cannot be converged to a necessary area of 
observation to make it impossible to utilize light 
effectively. On the other hand, a prism film has 
disadvantages such as a large thickness and being 
unf oldable . 

(2) Reflection type liquid crystal display devices 
not requiring the use of a light source such as a back 
light unit. 

A reflection type liquid crystal display device 
comprises a reflector at a rear side of the liquid 
crystal panel (the side opposite to the side of the 
viewers) and does not require any particular light 
source. It is for utilizing environmental light (room 
illuminations, sun light and/or other external light) 
to display a pattern produced on the liquid crystal 
panel . 

A display device of this type utilizes any of the 
optical films listed below in order to control a view 
area (an area in which display light can be properly 
sensed by the visible sense) of the viewers. 



(a) A diffusion film arranged on a front surface 
(at the side of the viewers) of the liquid crystal 
panel in order to scatter reflected light to be used as 
display light. The diffusion film preferably does not 
scatter incident light to the liquid crystal panel and 
but scatters light reflected by the back surface 
thereof to emit toward the viewers from the liquid 
crystal panel as display light. 

(b) A reflection film arranged on the rear surface 
(at the side opposite to the side of the viewers) of 
the liquid crystal panel in order to control the 
direction and area of reflection of reflected light to 
be used as display light. While scattering reflector 
panels (metal plates having an undulated surface) are 
mainly used as reflection films, they have been partly 
replaced by hologram films in recent years. 

Known reflection type liquid crystal display 
devices utilizing a hologram film as reflector panel 
include those disclosed in the following patent 
documents . 

(1) Jpn. Pat. Publication (KOKAI) No. 56-51772 

(2) Jpn. Pat. Publication (KOHYO) No. 8-505716 

(3) Jpn. Pat. Publication (KOKAI) No. 9-152586 

(4) Jpn. Pat. Publication (KOKAI) No. 9-222512 

(5) Jpn. Pat. Publication (KOHYO) No. 9-510029 
Various types of hologram are known and reflector 

panels comprising a hologram film show different 
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characteristics depending on the type of hologram used 
therein . 

The patent document (1) discloses the use of a 
surface relief type hologram having a diffusion pattern 
5 (hologram) of shallow gratings as interference fringes. 

The fringes provide a low contrast and it is difficult 
to raise a diffraction efficiency. Therefore, it is 
difficult for viewers to visually sense a bright 
display pattern and the sensed colors can change 
^^j^ 10 depending on a viewing angle because of a color 

dispersing effect of hologram. 

ry 

""'J The patent documents (2) and (3) disclose the use 

H' of a volume phase reflection type hologram that can 

H reflect and diffract light only in a limited range of 

□ 15 wavelength (and hence only of particular colors) 

in 

?3 because of its wavelength selectivity. Therefore, it 

is difficult to provide a bright display pattern that 
can be sensed over the entire wavelength range of 
visible light. 

20 The patent documents of (4) and (5) disclose the 

use of a volume phase transmission type hologram that 
can provide a bright display pattern over the entire 
wavelength range of visible light (as known to those 
skilled in the art in the field of technology and hence 

25 will not be described in greater detail) . However, it 

is difficult to make all light coming from a reflection 
layer arranged on the rear surface to work for 



diffraction (the reflector panel comprising a volume 
phase transmission type hologram and a reflection 
layer) and hence to cause a bright display pattern to 
be visually sensed because of an angle selectivity of a 
volume phase transmission type hologram. 

Additionally^ the volume type holograms recited in 
the documents (2), (3), (4) and (5) are made of a 
photosensitive material and hence costly. They are 
also accompanied by a problem of durability. 

The use of hologram is also known for diffusion 
films described in the above (a) . In order to prepare 
such a diffusion film showing a hologram, a light 
diffusing object such as frosted glass is 
photographically recorded on a hologram. 

However, when photographically recording a light 
diffusing object on a hologram, a laser beam is made to 
irradiate a frosted glass that is to be photographed. 
Then, a projected pattern formed by light transmitted 
through or reflected by an object to be photographed 
(object light) inevitably involves a random noise 
referred to as a speckle pattern. Since the hologram 
is produced by recording a pattern formed as a result 
of interference of the projected pattern (object light) 
and a reference light, the recorded interference 
fringes show a poor contrast because of the 
fluctuations in intensity that are caused by a speckle 
pattern. Therefore, it is a general practice to 



improve the diffraction efficiency by using a volume 
phase type hologram such as a photopolymer . 

However, a volume phase type hologram is formed by 
using a photosensitive material that can hardly 
withstand environmental changes in terms of temperature 
and humidity and has a large thickness. Thereby, a 
volume phase type hologram is colored due to absorption 
of light and is costly as in the case of the use of a 
reflector panel. 

Meanwhile, Jpn. Pat. Publication (KOKAI) 
No. 11-287991 proposes a reflection type display device 
as a solution to the problem that known reflection type 
display devices show a poor efficiency for utilization 
of light and a poor intensity of light emitted toward 
the viewers (to display only a dark image) because 
light reflected by the scattering reflector panel is 
scattered in every direction. 

The proposed reflection type display device 
comprises a directional reflector panel arranged on the 
rear surface of a transmission type display member and 
adapted to reflect incident light coming from the front 
side of the transmission type display member in a 
predetermined direction with a spreading angle smaller 
than the incident angle and a light diffusion member 
having a geometrical optics effect and arranged at 
least one of on the front surface of the transmission 
type display member and at a position between the rear 



surface of the transmission type display member and the 
front surface of the directional reflector panel. With 
this arrangement, the displayed image can be made 
sufficiently bright when viewed from a given angle and 
a wide angle of viewing field can be realized. 

Meanwhile, the diffusion member having a 
geometrical optics effect normally has large dimensions 
with a large thickness and is heavy and costly, which 
are problems to be solved. Although a scatter panel 
(diffusion panel) may have a relatively simple 
configuration among various diffusion members having a 
geometrical optics effect, it is difficult to control 
the light emission range. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to 
provide an optical film utilizing a diffraction effect 
of light and showing a high efficiency for utilizing 
light . 

Another object of the present invention is to 
provide an optical film for utilizing a diffraction 
effect so as to appropriately select the light emission 
range (view area) thereof. 

Still another object of the present invention is 
to provide an optical film for utilizing a diffraction 
effect so as to make a distribution of intensity of 
light uniform in the view area. 

According to one aspect of the present invention. 



there is provided an optical film comprising 
diffraction grating cells arranged in a matrix, each 
cell comprising blazed type or binary type curved 
gratings . 

According to another aspect of the present 
invention, there is provided an optical film comprising 
diffraction grating cells arranged in a matrix, each 
cell comprising curved gratings, wherein the gratings 
include at least two grating pitches. 

According to another aspect of the present 
invention, there is provided a display device 
comprising a liquid crystal display layer which forms 
an image to be displayed; and a light reflecting 
optical film which is arranged on a rear surface of the 
liquid crystal display layer and comprises diffraction 
grating cells arranged in a matrix, each cell 
comprising blazed type or binary type curved gratings. 

According to another aspect of the present 
invention, there is provided a display device 
comprising a liquid crystal display layer which forms 
an image to be displayed; and a light transmission 
optical film which is arranged on a front surface of 
the liquid crystal display layer and comprises 
diffraction grating cells arranged in a matrix, each 
cell comprising blazed type or binary type curved 
gratings . 

According to another aspect of the present 
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invention, there is provided a display device 
comprising a liquid crystal display layer which forms 
an image to be displayed; and a light reflecting 
optical film which is arranged on a rear surface of the 
liquid crystal display layer and comprises diffraction 
grating cells arranged in a matrix, each cell 
comprising curved gratings, wherein the gratings 
include at least two grating pitches. 



Accordi^ to another aspect of the present 

^ \o \ 

^P^o^s^^lO invention, ther^is provided a display device 

comprising a liquid\crystal display layer which forms 

""•J \^ an image to be display^; and a light transmission 

optical film which is arr^ged on a front surface of 

H' the liquid crystal display ihyer and comprises 

fU \ 

Q 15 diffraction grating cells arran^d in a matrix, each 



cell comprising blazed type or bin^y type curved 
gratings. ^ — — 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
The accompanying drawings, which are incorporated 
20 in and constitute a part of the specification, 

illustrate embodiments of the present invention and, 
together with the general description given above and 
the detailed description of the embodiments given 
below, serve to explain the principles of the present 
25 invention in which: 

FIG. 1 is a schematic front view of an example of 
a grating pattern of an optical diffusion film 



according to a first embodiment of the present 
invention; 

FIG. 2 is a schematic front view of another 
example of the grating pattern of the optical diffusion 
film according to the first embodiment of the present 
invention; 

FIG. 3 is a schematic detailed front view of the 
optical diffusion film shown in FIG. 2; 

FIG. 4 is a schematic illustration of a 
diffraction of light of the first embodiment; 

FIG. 5 is a schematic illustration of blazed type 
diffraction gratings according to the first embodiment; 

FIG. 6 is a schematic illustration of binary type 
diffraction gratings according to the first embodiment; 

FIG. 7 is a schematic illustration of a reflection 
type liquid crystal display device comprising the 
optical diffusion film according to the first 
embodiment ; 

FIG. 8 is a schematic illustration of a 
transmission type liquid crystal display device 
comprising the optical diffusion film according to the 
first embodiment; 

FIG. 9 is a schematic illustration showing the 
process of preparing blazed type diffraction gratings; 

FIG. lOA and FIG. lOB are schematic illustrations 
showing the process of preparing binary type 
diffraction gratings ; 



FIG. 11 is a schematic cross sectional view of an 
optical diffusion film according to a second embodiment 
of the present invention; 

FIG- 12 is a schematic illustration showing an 
effect of reflection of light according to the second 
embodiment; 

FIG, 13 is a schematic illustration showing an 
effect of transmission of light according to the second 
embodiment; 

FIG. 14 is a schematic illustration of a combined 
reflection/transmission type liquid crystal display 
device comprising the optical diffusion film according 
to the second embodiment; 

FIG. 15 is a schematic front view of an example of 
a grating pattern of an optical diffusion film 
according to a third embodiment of the present 
invention; 

FIG. 16A and FIG. 16B are schematic illustration 
of the range of emission of primary diffracted light 
for two different wavelengths from a cell of the 
optical diffusion film according to the third 
embodiment; 

FIG. 17 is a schematic illustration of the overlap 
of the distributions of primary diffracted light for 
two different wavelengths from a cell of the optical 
diffusion film according to the third embodiment; 

FIG. 18 is a graph illustrating the distribution 



of the intensity of primary diffracted light from a 
single cell of the optical diffusion film according to 
the third embodiment; 

FIG. 19 is a schematic front view of an example of 
a grating pattern of an optical diffusion film 
according to a fourth embodiment of the present 
invention; 

FIG. 20 is a graph illustrating the distributions 
of primary diffracted light from two cells when the 
difference in the interval of the diffraction gratings 
of optical diffusion film according to the fourth 
embodiment is less than the value corresponding to the 
half-width of light diffracted by the cell itself; 

FIG. 21 is a graph illustrating the distributions 
of primary diffracted light from two cells when the 
difference in the interval of the diffraction gratings 
of the optical diffusion film according to the fourth 
embodiment is less than the value corresponding to the 
full-width of light diffracted by the cell itself; 

FIG- 22 is a schematic perspective view of a 
display device according to a fifth embodiment of the 
present invention; 

FIG. 23A is a schematic front view of an example 
of an optical scattering film having light scattering 
elements having fine undulations; 

FIG. 23B is a schematic front view of another 
example of an optical scattering film having light 
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scattering elements having fine undulations; and 

FIG. 24 is a schematic front view of an optical 
diffusion film according to a sixth embodiment of the 
present invention and comprising the optical scattering 
film shown in FIG. 23A or 23B. 

DETAILED DESCRIPTION OF THE INVENTION 
An embodiment of an optical film and a display 
device having the same according to the present 
invention will now be described with reference to the 
accompanying drawings . 
First Embodiment 

Referring to FIGS. 1 and 2, an optical film 
according to the first embodiment comprises a 
diffraction grating cell array formed by arranging fine 
diffraction grating cells 11, 21 in the form of a 
matrix. Each diffraction grating cell has a plurality 
of curved diffraction gratings 12, 22 and is adapted to 
diffuse light by means of a diffraction effect. 
Therefore, the optical film will be referred to as 
optical diffusion film hereinafter. A diffusion of 
light comprises a transmission type diffusion and a 
reflection type diffusion. Hence a transmission type 
optical film diffuses light by transmission, whereas a 
reflection type optical film or a transmission type 
optical film provided with a reflection layer diffuses 
light by reflection. Curved diffraction gratings are 
used for the purpose of controlling the view area by 



scattering light - 

Preferably, the cells 11, 21 have such a size that 
they are not recognized when viewed by naked eyes and 
can fully exert a diffraction effect. More 
specifically, each side of the cell is between about 
5 jam and about 300 jum. 

The undulations of the gratings 12, 22 are 
preferably smaller than the wavelength of visible light 
in order to reduce a wavelength selectivity and raise 
an efficiency of utilization of light. 

Each diffraction grating cell of a diffraction 
grating cell array operating as a unit component is 
simply required to diffuse light and hence has a very 
simple structure. It can be realized by means of 
surface relief type diffraction gratings with a shallow 
pattern- Unlike a structurally complex hologram (in 
which each grating shows a random cross sectional view 
resembling a sine curve) , surface relief type 
diffraction gratings show little reduction in the 
diffraction efficiency. The surface relief type 
diffraction gratings comprise blazed type diffraction 
gratings having a saw-tooth like cross section for the 
grooves and binary type diffraction gratings showing a 
step like cross section for the grooves. 

The blazed type diffraction gratings are 
diffraction gratings showing a saw-tooth like cross 
section. It is known that blazed type diffraction 



gratings provide a very high diffraction efficiency 
when the angle of reflection or refraction of incident 
light at the slopes thereof agrees with the angle of 
diffraction. The slopes of the saw-tooth are not 
symmetrically arranged. In other words, one is gentle, 
whereas the other is steep. The gentle slope is long 
while the steep slope is short. The steep slope may be 
vertical . 

The binary type diffraction gratings are 
diffraction gratings that may be obtained by modifying 
the slopes of the saw-tooth of the blazed type 
diffraction gratings to horizontal steps. It is known 
that the binary type diffraction gratings provide a 
high diffraction efficiency comparable to the blazed 
type diffraction gratings. When the steep slope of the 
blazed type diffraction gratings is vertical, it can be 
produced by simply modifying the gentle slopes of the 
blazed type diffraction gratings to horizontal steps. 

In order to make diffraction gratings to fully 
exert the effect of diffusing light by diffraction, it 
is desirable that the diffraction gratings 12, 22 are 
not interrupted in areas other than the outer 
peripheries of the cells 11, 21 (and hence continuous 
within the cells) . 

When irradiated with white light, diffraction 
gratings produce a spectrum of diffracted light like a 
rainbow because the diffraction angle varies as a 



function of wavelength. In other words, the colors of 
light from the optical diffusion film are dispersed and 
when they are recognized differently by two eyes of the 
viewer, he or she will have a strange feeling and 
easily become tired of seeing them. In the case of a 
display device for utilizing environmental light, the 
strongest component of light generally comes from 
above. Therefore, in the case of a reflection type 
display device, the dispersion of colors may not be 
recognized differently by two eyes of the viewer when 
the display device is irradiated with light coming 
obliquely from above if the diffraction gratings show a 
relationship as described below. 

It is assumed that the diffraction gratings are 
formed by arranging identical curved lines (in the form 
of a sector of a circle in FIG. 2) in parallel as shown 
in FIG. 2. FIG. 3 is an enlarged and detailed 
illustration of a single diffraction grating cell of 
FIG. 2 with a more enlarged partial view (a part 
surrounded by a circle along the right side) . Assume 
here that the curved lines are separated at regular 
intervals of d in a given area and the interval d has a 
horizontal component d^ and a vertical component dy. 

Assume that white light is made to strike the 
diffraction grating cell (the reflection type 
diffraction grating cell) from above at an angle of 9 
(a line normal to the drawing has an angle of 0°). 
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When diffracted light having a wavelength X goes out 
at angle relative to the horizontal direction (from 

left to right) and angle ay relative to the vertical 
direction (from above to below) , theoretically, the 
following relations hold true. 

1 = dx ^ sin ax (1) 
1 = dy X (sin 0 + sin ay) (2) 
From these relationships, light with a wavelength 
X goes out at a constant angle equal to the angular 
component a y in the vertical direction if all the 
vertical intervals dy of the gratings are held to a 
\l constant value. Therefore, light going out from the 

li diffraction grating cell constantly shows the same 

1^ vertical angle regardless of the horizontal position if 

15 all the vertical intervals dy of the gratings are held 

:L- to a constant value. Thus, the colors are held 

invariable in the horizontal direction and the same 
color is recognized by two eyes. 

In order to make the interval dy between a grating 
20 and an adjacent grating show a constant value in the 

vertical direction to be equal in any area, the two 
gratings need to have the same and identical profile 
and arranged in parallel with each other. 

When two gratings have the same and identical 
25 profile and are separated from each other by a constant 

interval dy in the y-direction, the interval separating 
them in the x-direction changes gradually at any point 
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on the gratings and hence the angular component in 
the horizontal direction also changes gradually at any 
point on the gratings. Therefore, it is possible to 
obtain diffracted light distributed only in the 
5 horizontal direction with a constant height in the 

vertical direction (diffraction angle a^) for light 
having a given wavelength. In other words, it is 
easily possible to emit diffracted light extending 
linearly in the horizontal direction that is 
'1:0 10 perpendicular to the direction of juxtaposition of the 

gratings. 

ru 

SI It is possible to obtain an optical diffusion film 

iy 

l-A that shows little change of color of diffracted light 

y, in the horizontal direction by applying this 

fi- 15 relationship to all the gratings of a diffraction 

LP- ' 

™ grating cell. Since an optical diffusion film 

comprising such diffraction grating cells shows little 
change of color in the horizontal direction, any color 
will not be recognized differently by two eyes of the 

20 viewer so that the viewer will be able to see the image 

without any strange feeling and hence will not become 
tired of seeing it. Additionally, since diffracted 
light provides a spectrum like a rainbow whose color 
changes in the vertical direction, it is possible to 

25 show a dynamic image having a high eye-catching effect. 

However, a spectrum of light like that of a 
rainbow whose color changes in the vertical direction 



may not be desirable depending on the application of 
such an optical diffusion film. If such is the case, 
the moving distance of diffraction grating is changed. 
This means that the value of dy in the above relation 
(2) is changed. Then, colors with a plurality of 
different wavelengths are mixed at the viewing position 
to provide a color close to white. The moving distance 
dy preferably takes three or more than three different 
values because white color can be produced by mixing at 
least three primary colors of R, G and B. 

Thus, according to the first embodiment, an 
optical diffusion film is formed of a plurality of 
diffraction gratings producing diffused light not of a 
hologram produced by photographically recording 
diffused light and therefore an optical diffusion film 
which is very bright is realized. 

When forming an optical diffusion film by using 
the surface relief type diffraction gratings (blazed 
type diffraction gratings or binary type diffraction 
gratings) , the following requirements need to be met in 
order to make the optical diffusion film a bright or 
clear one. 

As described above, when the direction of regular 
reflection and the diffraction angle agree with each 
other on the slope of diffraction gratings, which may 
be blazed type diffraction gratings or binary type 
diffraction gratings, strong diffracted light is 



produced in the direction of the diffraction angle. An 
optical diffusion film according to this embodiment is 
required to scatter diffracted light and not to show 
any change of color in the horizontal direction. 
Therefore, strong diffracted light is produced in the 
direction (of regular reflection or the diffraction 
angle) when the angular components of the slope of the 
gratings are invariable. 

This will be described in greater detail by 
referring to FIG. 5. FIG. 5 illustrates diffraction 
gratings formed by arranging identical curved lines in 
parallel as in FIG. 2 and FIG. 3. Assume that light 
(environmental light) is made to strike the diffraction 
gratings obliquely from above with an angle of d as 
shown in FIG. 4. The slope of each grating needs to be 
inclined by an angle of d /2 at any point on it in 
order to direct strong diffracted light toward the 
front surface of the display device. In FIG. 5, the 
cross sectional view taken along line Al-Bl and the one 
taken along line A2-B2 run in the direction along which 
identical curved lines are arranged in parallel. It 
will be appreciated that the slope of the gratings 
shows the same angle regardless of the line along which 
a cross sectional view is taken. The slope of the 
gratings can show the same angle by arranging the 
gratings with the same and identical intervals and 
making them show the same depth. 



FIG. 6 illustrates binary type diffraction 
gratings containing a step like profile. In this case 
again, strong diffracted light is directed toward the 
front surface of the display device when the angular 
components of the slope of the gratings in the vertical 
direction of the slope of gratings are invariable (and 
equal to B /2 in this case) . In FIG. 6, the cross 
sectional view taken along line Al-Bl and the one taken 
along line A2-B2 run in the direction along which 
identical curved lines are arranged in parallel. It 
will be appreciated that the slope of the gratings 
shows the same angle regardless of the line along which 
a cross sectional view is taken. 

FIG. 7 is a schematic illustration of a reflection 
type liquid crystal display device comprising the 
optical diffusion film according to the first 
embodiment. The optical diffusion film of FIG. 7 is a 
reflection type optical diffusion film comprising an 
optical reflection layer formed on the surface of 
diffraction grating cell array by evaporation or 
sputtering. FIG. 7 shows a reflection type display 
device comprising a liquid crystal display layer and an 
optical diffusion film arranged at the side opposite to 
the front surface of the liquid crystal display layer 
for displaying an image to the viewers. 

Generally, in such a reflection type display 
device, incident light 31 from a light source arranged 
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under the ceiling of the room or from the sun is made 
to pass through a polarization panel 33, liquid crystal 
display layer 34 and polarization panel 35 and diffused 
and reflected by an optical diffusion film 36. 
5 Reflected light 32 is then made to pass through the 

polarization panel 35, liquid crystal display layer 34 
and polarization panel 33 to make the viewers visually 
recognize the displayed image. 

In the case of a display device such as a 

C3 

v3 10 reflection type display device that does not require 

^ the use of a specifically provided light source and is 

ru 

\| for utilizing environmental light, generally, incident 

light 31 comes down obliquely from above as shown in 
FIG. 7- Therefore, when the optical diffusion film 36 



3 1 

i4 15 comprises blazed type diffraction gratings or binary 



type diffraction gratings, the slopes are preferably 
directed toward the top (ceiling) of the display 
device . 

While FIG. 7 shows a reflection type liquid 
20 crystal display device for utilizing environmental 

light, the first embodiment is applicable to a display 
device of a type adapted to obtain display light by 
reflecting edge light. Furthermore, the first 
embodiment is not limited to a reflection type display 
25 device but also applicable to a transmission type 

display device comprising a light transmitting film 
formed of an optical diffusion film not provided with a 
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light reflection layer. In the case of a transmission 
type display device, the optical diffusion film 36 is 
arranged between the liquid crystal display layer 34 
and the polarization layer 33 as shown in FIG. 8. 
5 Meanwhile, in recent years, there has been a 

technological development for improving the aperture 
ratio of liquid crystal cells of a liquid crystal 
display device by causing the drive electrode located 
below the liquid crystal display layer (at the side 
'"^Q 10 opposite to the viewers as viewed from the liquid 

crystal display layer) to operate as a reflection layer 

rs i 

W. (the electrode being to be referred to as a reflection 

14^ electrode hereinafter) . The reflection electrode may 

L£, have a mirror surface or a surface provided with fine 

ru 

f^i 15 circular undulations. When the reflection electrode 

has a mirror surface, no diffusion of light takes place 
at the electrode and hence it is necessary to broaden 
the range of outgoing display light by using some other 
part. When, on the other hand, the reflection 

20 electrode has a surface provided with fine circular 

undulations, the diffusion of light is not sufficient 
and it is difficult to control the diffusion angle . 

Therefore, it is effective to apply an optical 
diffusion film of the first embodiment to a liquid 

25 crystal display device comprising a reflection 

electrode. For example, an optical diffusion film 
comprising a plurality of light scattering diffraction 



grating cells may be arranged on the reflection surface 
of the reflection electrode. Alternatively, 
diffraction grating cells of the first embodiment may 
be formed on the reflection surface of the reflection 
electrode. In view of the fact that an optical 
diffusion film according to the present invention 
comprises a glass or silicon substrate carrying thereon 
blazed type or binary type diffraction grating cells 
arranged in the form of a matrix and the reflection 
electrode of a liquid crystal display device is 
normally made by forming an electrode pattern on the 
surface of a glass or silicon substrate, it will be 
possible to control the reflection characteristics of 
the reflection electrode by forming undulations on the 
surface thereof. Since diffraction gratings change the 
diffraction angle depending on the wavelength of light 
that strikes them, white or almost white light can be 
obtained by changing the cycle of arrangement of 
diffraction gratings within a relatively narrow range. 
Stated another way, the influence of scattered 
wavelengths can be avoided to obtain white or almost 
white light by mixing rays of diffracted light showing 
different wavelengths. Alternatively, white or almost 
white light can be obtained by using a small 
diffraction angle for the diffraction gratings in order 
to reduce the coloring problem. 

If the reflection electrode is sufficiently small 
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and each of its sides is smaller than 0.3 mm, it is not 
necessary to arrange a plurality of diffraction grating 
cells in each electrode. In other words, the 
advantages of this embodiment can be secured by 
arranging a single diffraction grating cell in each 
electrode and forming a diffraction grating cell array 
as a collection of electrodes (and hence diffraction 
grating cells) . 

When a diffraction grating cell array (optical 
diffusion film) is formed by arranging a number of 
diffraction grating cells having an effect of 
scattering light and if the gratings of the diffraction 
grating cells are interrupted at the boundaries of the 
cells, the effect of control light by diffraction is 
weakened there. Meanwhile, most display devices such 
as liquid crystal display devices comprise pixels that 
are separated by gaps. In the case of a liquid crystal 
display device, the black matrix surrounding the liquid 
crystal cells as a non-pixel component provides such 
gaps. Then, light from the pixels can be used 
efficiently by arranging an. optical diffusion film 
comprising blazed type (or binary type) diffraction 
grating cells on the image display surface of the 
display device carrying pixels thereon in such a way 
that the diffraction grating cells are located at 
positions corresponding to the pixels. Such an 
arrangement can effectively prevent the light 
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controlling effect of the display device from being 
weakened by diffraction along the boundaries of the 
diffraction grating cells. 

Now, the method of manufacturing an optical 
diffusion film will be described below. A patterning 
device that is used for manufacturing semiconductor 
devices can be used for accurately forming blazed type 
or binary type diffraction gratings that are curved. 
With such a device, a pattern is formed by converging 



v3 10 or scanning an electron beam or a laser beam. 

FIG. 9 is a schematic illustration of the process 



of preparing blazed type diffraction gratings. Saw- 



iu 

L^, tooth like gratings can be formed by gradually changing 

the amount of energy applied to an area of a 
15 photosensitive material by irradiating an electron beam 

a ^! 

p. there and hence the depth of the gratings in a 

controlled manner. In FIG. 9, the width of each arrow 
represents the level of applied energy. The gratings 
show a large depth in areas where a large amount of 

20 energy is applied. The intensity of irradiation of an 

electron beam (the amount of applied energy) can be 
modulated by directly controlling the dose, by changing 
the scanning speed (time) or by changing the number of 
scans when the same area is scanned for a plurality of 

25 times. It will be appreciated that the above 

description holds true for binary type gratings. 

When a laser beam is used, blazed type or binary 



type diffraction gratings can be formed by changing the 
amount of energy applied to an area of a photosensitive 
material . 

Diffraction gratings can be formed by methods 
other than those using an electron beam or a laser 
beam. FIG. lOA and FIG. lOB are schematic 
illustrations of the process of preparing binary type 
diffraction gratings having four steps by etching using 
ion beams. Binary type diffraction gratings having 
four steps can be prepared by carrying out two etching 
operations using two different types of mask patterns 
that are different in terms of pitch and size. 
Firstly, as shown in FIG. lOA, a photosensitive 
material is selectively etched by using ion beams 
caused to pass through the openings of a first mask 
pattern arranged at a first pitch (cycle) and having a 
first size (equal to the cycle) . Rectangle recesses 
corresponding to the openings of the mask pattern are 
formed in the photosensitive material. Then, as shown 
in FIG. lOB, the photosensitive material that have been 
subjected to the first etching operation is selective 
etched again by using ion beams caused to pass through 
the openings of a second mask pattern arranged at a 
second pitch that is a half of the first pitch and 
having a second size that is a half of the first size. 
As a result, stepped recesses are formed in the 
photosensitive material. More specifically, stepped 



recesses having 2^ = 4 steps are formed by using two 
mask patterns. In other words, binary type diffraction 
gratings having an increased number of steps (2^: n 
being the number of mask patterns) can be formed by 
increasing the number of mask patterns and the number 
of etching operations. 

It will be needless to say that blazed type 
diffraction gratings can also be formed by etching 
using ion beams. 

After preparing an original plate by developing 
the photosensitive material carrying diffraction 
gratings of a desired pattern on the surface thereof as 
shown in FIGS. 9, lOA and lOB, a stamper carrying a 
replica of the diffraction gratings of the original 
plate is prepared typically by plating^, using the 
original plate. A large number of copies of the 
diffraction gratings can easily be formed on 
thermoplastic resin films by embossing, using the 
stamper . 

However, it should be noted here that, while 
optical diffusion films can be formed at low cost by 
using thermoplastic films, the level of precision of 
forming fine diffraction gratings on thermoplastic 
resin films by embossing faces a certain limit. The 
use of photosensitive resin (photo-setting type resin) 
is preferable for forming finer diffraction gratings 
with a higher level of precision. 



As described above in detail, with the first 
embodiment of the present invention^, it is possible to 
select the range (view area) of light emission by 
utilizing a diffraction effect of light. Therefore, 
there is provided an optical diffusion film that can 
increase the ratio of emitting light to a particular 
area relative to incident light, or the efficiency of 
utilization of light, to display a bright image when 
compared with any conventional optical films only 
adapted to non-directional diffusion (scattering) . An 
optical diffusion film according to the first 
embodiment is thin and lightweight and can be produced 
at low cost. According to the first embodiment, there 
is also provided a display device comprising such an 
optical diffusion film. Additionally, since the 
profile, the pitch and the depth of diffraction 
gratings of an optical diffusion film according to the 
first embodiment can vary on an area by area basis, a 
single optical diffusion film can have a plurality of 
functions including controlling the spreading angle of 
light by changing the direction of emission of light as 
shown in FIG. 7. Additionally, a display device 
according to the first embodiment can be prepared with 
a reduced number of optical members to lower the 
manufacturing cost thereof. Still additionally, since 
an optical diffusion film according to the first 
embodiment comprises blazed type or binary type 
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diffraction gratings, it is possible to raise the ratio 
of converting incident light into diffracted light, or 
the efficiency of utilization of light, to nearly 100%. 
Finally, since external light can be utilized highly 
5 efficiently, it is no longer necessary to provide the 

display device with an internally contained light 
source so that it can be made thinner than ever. 

Other embodiments of the optical diffusion film 
according to the present invention will be described. 
10 The same portions as those of the first embodiment will 

^Ci ■ 

==p be indicated in the same reference numerals and their 

%i detailed description will be omitted. 

|y 

1^, Second Embodiment 

While a display device to which the optical 
™ 15 diffusion film of the first embodiment is applied may 

^L- be a reflection type liquid crystal display device or a 

transmission type liquid crystal display device, an 
optical diffusion film of the second embodiment is 
designed to be used for a display device of a type 
20 realized by combining the above two types. More 

specifically, such a combined type display device is 
adapted to use only external light for displaying 
images when the environment of the display device is 
sufficiently light but use the back light for 
25 displaying images when the environment of the display 

device is dark. Therefore, the display device shows a 
high efficiency of utilization of light and, at the 
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same time, is highly power-saving. Such a display 
device can particularly suitably be used for the 
display of a mobile terminal such as a mobile telephone 
set or a mobile PC. 
5 FIG. 11 is a schematic cross sectional view of an 

optical diffusion film according to the second 
embodiment of present invention, illustrating a 
diffraction grating cell array 42 of blazed type 
diffraction gratings having slopes 44, 46 that are 

o 

%y 10 formed asymmetrically. Of the two slopes, only the 

gentle slope (the long slope) 44 is provided with a 

Ira : 
5 U 

reflection layer adapted to operate for total 
reflection. The reflection layer is made by forming a 
l^,^ thin film layer of metal such as aluminum or dielectric 

irs I 

pj 15 by evaporation, although any other appropriate 

^J. technique may be used for forming the reflection layer. 

As shown in FIG. 12, when viewed from an oblique 
view area located above the diffraction grating cell 
array 42, the slope 4 6 does not operate for producing 
20 diffracted light directed toward the view area. In 

other words, the embodiment of optical diffusion film 
operates as reflection type optical diffusion film with 
which the viewers can see highly bright diffracted 
light in the view area regardless if the slope 4 6 has a 
25 reflection layer or not. On the other hand, the slope 

46 can transmit light including light entering the 
diffraction grating cells. 
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Thus, the slope 44 provided with a reflection 
layer for reflecting incident light coming obliquely 
from above operates as diffraction gratings and hence 
can reflect strong diffracted light toward a specific 
view area. This means that the display device can 
display clear images by using light coming from one or 
more than one internal light sources and/or 
environmental light such as natural light. 

FIG. 13 is a schematic illustration of the optical 
effect of transmitting light of the second embodiment 
when it is used a transmission type optical diffusion 
film. Referring to FIG. 13, incident light coming from 
behind is reflected by the rear surface of the 
reflection plane 44, reflected light is incident on the 
front surface of an adjacent reflection plane 44, and 
reflected light goes out from the optical diffusion 
film. Some incident light may be transmitted directly 
through the transmission plate 46. 

FIG. 14 is a schematic illustration of a combined 
reflection/transmission type liquid crystal display 
device comprising the optical diffusion film of the 
second embodiment- A back light layer 48 is arranged 
as light source behind a liquid crystal display layer 
50 with the optical diffusion film 42 disposed between 
them. When the back light layer 48 is turned off, 
environmental light coming obliquely from above is 
reflected by the reflection plane 44 and directed 
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toward the view area so as to be viewed by the viewers 
as shown in FIG. 12. As the back light layer 48 is 
turned on, light from the back light layer 48 may be 
directly transmitted through the transmission plane 46 
or reflected by the rear surface of the reflection 
plane 44, transmitted through the transmission plane 
4 6, reflected by the front surface of the neighboring 
reflection plane 44 and then directed to the front view 
area so as to be viewed by the viewers as shown in 
FIG. 13. It may be needless to say that environmental 
light is also reflected toward the view area as shown 
in FIG. 12 when the back light layer 48 is turned on. 

As in the first embodiment, an optical diffusion 
film of the second embodiment may be arranged on a 
driving electrode {reflective electrode) under the 
liguid crystal display layer. 

There is provided a display device that allows the 
viewers to view the displayed images, using both light 
from an internal light source and environmental light 
by using the optical diffusion film of the second 
embodiment. The second embodiment may be realized by 
using binary type diffraction gratings having stepped 
slopes provided with a reflection layer to obtain a 
similar effect. 
Third Embodiment 

FIG. 15 is a schematic front view of a grating 
pattern of the optical diffusion film according to the 
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third embodiment. 

The optical diffusion film of this embodiment is 
formed by arranging a plurality of diffraction grating 
cells 62 in the form of a matrix. The diffraction 
5 grating cell 62 comprises a plurality of identical 

curved lines (in the form of a sector of a circle in 
FIG. 15) juxtaposed in parallel in a predetermined 
direction (in the vertical direction in FIG. 15) . 

The intervals (dy in FIG. 3) separating the 

Q 

iLj 10 juxtaposed gratings in each diffraction grating cell 62 

are not equal but changed gradually. The profile of 
the curved lines of the diffraction gratings depends on 
[2 the manner in which light is spread in a direction 

perpendicular to the direction of juxtaposition 
15 (horizontal direction in FIG. 15) . 

y Like the above embodiments, either blazed type 

diffraction gratings or binary type diffraction 
gratings may be used for this embodiment. In other 
words, the third embodiment is realized by gradually 
20 changing the intervals of the diffraction gratings of 

the first embodiment shown in FIG. 2. The intervals of 
the diffraction gratings of the first embodiment are 
all equal to each other. 

With the optical diffusion film of this 
25 embodiment, the light emission range (view area) 

thereof can be appropriately selected because, as light 
enters it, diffracted light (mainly primary diffracted 
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light) is spread and emitted to a specific area by the 
optical effect of diffracting light of this embodiment 
as in the case of the first embodiment. Therefore, the 
efficiency of utilization of light in terms of incident 
5 light to a specific area can be remarkably improved 

when compared with any conventional optical films only 
adapted to non-directional diffusion (scattering) . 

Additionally, the intensity distribution of light 
in the specific area can be made uniform by 

£3 

%P 10 appropriately selecting the size and the type of 

; Pi 

«p diffraction gratings 2 of the diffraction grating cells 
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62 of the optical diffusion film 4. More specifically, 
M, it can be made uniform by filling the gaps of rays of 

1^, primary diffracted light from the diffraction gratings 

15 of different types, utilizing the spread of diffracted 

light that depends on the sized of the cells. 

As a result, when the image shown on the display 
device is viewed from the specific area, it is 
recognized by the viewers by means of uniformly bright 
20 light. 

If the viewers move to change their viewing 
angles, light can be recognized stably so long as they 
are located within the specific area. 

Since surface relief type diffraction gratings are 
25 used as the diffraction gratings, they can be made at 

low cost on a mass production basis by embossing. 
Additionally, such a display device is compact and 



adapted to be made thin and light weight and can be 
marketed at low cost. 

When this embodiment is used as a reflector film, 
external light can be utilized highly efficiently so 
that the display device is not required to contain a 
light source. Therefore, the display device can be 
made highly compact. 

The intervals separating the diffraction gratings 
of each diffraction grating cell 62 are made to change 
continuously in the direction of juxtaposition in this 
embodiment. Therefore, diffracted light can be spread 
three-dimensionally and emitted not only in the 
horizontal direction that is perpendicular to the 
direction of juxtaposition but also in the direction of 
juxtaposition (vertical direction) . 

Then, the range of emission of diffracted light in 
the direction of juxtaposition (vertical direction) 
depends on the intervals separating the diffraction 
gratings contained in each diffraction grating cell 62 
and the range of emission of diffracted light in the 
direction (horizontal direction) perpendicular to the 
direction of juxtaposition depends on the curved 
profile of the diffraction gratings. Therefore, it is 
possible to form an optical diffusion film adapted to 
provide a given emission range by appropriately 
arranging diffraction grating cells 62. 

The local intervals dy separating the diffraction 
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gratings in each cell are so selected as to make the 
tangent of the diffraction angle ay or the diffraction 
angle ay itself change stepwise by a given constant 
value . 

FIG. 16A and FIG. 16B are schematic illustration 
of the distribution of primary diffracted light from 
the diffraction grating cell 62 of the optical 
diffusion film of the third embodiment. FIG. 16A shows 
the range 64a of diffracted light obtained from 
incident light with a wavelength of /L]_, whereas 
FIG. 16B shows the range 64b of diffracted light 
obtained from incident light with a wavelength of /L 2 
that is different from the wavelength /1 2. • 

With this arrangement, there is a region 66 where 
two different types of diffracted light from a single 
diffraction grating cell overlap each other. While two 
different wavelengths are used in the above description 
for the purpose of simplicity, it will be appreciated 
that an overlapping area is produced when three or more 
than three wavelengths are involved. 

FIG. 18 is a graph illustrating the distribution 
of the intensity of primary diffracted light from a 
single diffraction grating cell of the optical 
diffusion film of the third embodiment and observed 
in the vertical direction. The intensity of diffracted 
light is uniform for a given wavelength in the 
region 66. 



Therefore, as white light strike the optical 
diffusion film, a plurality of wavelength components 
coexist in the area where the ranges of emission of 
diffracted light with the plurality of different 
wavelengths overlap so that the area is observed as 
white light by the viewers. If the viewers move to 
change their viewing angles, light with different 
wavelengths can be recognized in respective specific 
areas both in the direction of juxtaposition and in the 
horizontal direction that is perpendicular to the 
direction of juxtaposition to consequently broaden the 
overall view area. 

While the intervals of the diffraction gratings of 
the third embodiment are changed continuously in the 
direction of juxtaposition, this embodiment is by no 
means limited thereto and the intervals of the 
diffraction gratings may alternatively be changed 
discontinuously (intermittently) or large and small 
intervals may be arranged randomly. 

Thus, with the third embodiment, it is possible to 
appropriately select a range of light emission (view 
area), utilizing the optical effect of diffracting 
light and the intensity distribution of light in the 
specific area can be made uniform. Furthermore, the 
optical diffusion film of this embodiment provides 
highly bright images by raising the efficiency of 
utilization of light. Thus, the optical diffusion film 



of this embodiment can be made very thin and 
lightweight at low cost. 
Fourth Embodiment 

While the intervals of the diffraction gratings of 
each diffraction grating cell of the third embodiment 
are changed to spread and emit diffracted light three- 
dimensionally including the direction of juxtaposition 
(vertical direction) , the intervals of the diffraction 
gratings of each diffraction grating cell are made same 
and identical in the fourth embodiment- However, the 
intervals of the diffraction gratings are made to vary 
from cell to cell to consequently change the intervals 
of diffraction gratings in the cell array as a whole. 

The intervals dy separating the diffraction 
gratings in each cell are so selected as to make the 
tangent of the diffraction angle cty or the diffraction 
angle ay itself change stepwise by a given constant 
value. 

Furthermore, the minimum difference of the 
intervals is made equal to or less than the half-width 
of diffracted light generated by the cell itself or 
less than the width of the spread of diffracted light 
generated by the cell itself. With this arrangement, 
the gaps in the distribution of diffracted light 
generated by the diffraction gratings of the 
diffraction grating cells are buried by spreading 
diffracted light generated by the diffraction grating 



cells themselves so that a substantially uniform 
distribution of intensity of light emitted from the 
diffraction grating cell array can be obtained in a 
specific area. 

FIG. 20 is a graph illustrating the distributions 
of primary diffracted light from two cells when the 
difference in the intervals of the diffraction gratings 
fourth embodiment of optical diffusion film is less 
than the value corresponding to the half-width of light 
diffracted by the cell itself. The two distribution 
patterns indicated by solid lines in FIG. 20 show the 
distributions of diffracted light from separate 
diffraction grating cells. The broken line in FIG. 20 
is obtained by synthesizing the two distribution 
patterns. As in the case of the third embodiment, the 
intensity of light can be held to a constant level in a 
specific zone (vertical direction) . 

FIG. 21 is a graph illustrating the distributions 
of primary diffracted light from two cells when the 
difference in the interval of the diffraction gratings 
of optical diffusion film is less than the value 
corresponding to the full-width of light diffracted by 
the cell itself. The two distribution patterns 
indicated by solid lines in FIG. 21 show the 
distributions of diffracted light from separate 
diffraction grating cells. The two distribution 
patterns indicated by dot-and-dashed lines in FIG. 21 



show the distributions of diffracted light from 
separate diffraction grating cells when the angular 
distribution of incident light has a certain width. 
The broken line in FIG. 21 is obtained by synthesizing 
the two distribution patterns indicated by the dot-and- 
dashed lines. As in the case of the third embodiment, 
the intensity of light can be held to a constant level 
in a specific zone (vertical direction) . 

As seen from the above description, the fourth 
embodiment provides advantages that are similar to 
those of the third embodiment. 

While the fourth embodiment is described in terms 
of the intervals of the diffraction gratings that 
continuously differ from a diffraction grating cell to 
another in the direction of juxtaposition, the 
embodiment is by no means limited thereto. For 
example, the intervals of the diffraction gratings may 
be changed discontinuously (intermittently) in the 
direction of juxtaposition or large and small intervals 
may be arranged randomly. Furthermore, while the 
intervals of the diffraction gratings are made same and 
identical in the cells of each row in FIG. 19, this 
embodiment is by no means limited thereto and large and 
small intervals may be arranged randomly in the cell 
arrays . 

FIG. 20 and FIG. 21 are graphs illustrating the 
distribution of diffracted light coming from two 
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diffraction grating cells. However^ a similar 
phenomenon can be obtained when diffracted light coming 
from three or more than three diffraction grating cells 
are used. A uniform distribution pattern of diffracted 
5 light can be obtained over a wide range as the number 

of cells providing respective distribution patterns 
that overlap each other increases. 
Fifth embodiment 

FIG. 22 is a schematic perspective view of a 
10 display device according to the fifth embodiment that 

comprises an optical diffusion film 70 of the above 
''^•4 described third or fourth embodiment at the back of a 

display member 72 for displaying images by controlling 
i,£, transmitted light, which may be a liquid crystal 

ru 

15 display device. 

With this arrangement, a transmission type display 
device is realized and viewed as uniformly bright area 
from a selected light emission range (view area) 
Alternatively, a transmission type optical 
20 diffusion film of the third or fourth embodiment may be 

arranged in front of the transmission type display 
member . 

Still alternatively, a reflection type display 
device may be realized by arranging an optical 
25 diffusion film of the third or fourth embodiment 

opposite to the front surface of a reflection type 
display member adapted to control the reflection of 
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light for displaying images. 

ThuS;. with the fifth embodiment, it is possible to 
appropriately select a range of light emission (view 
area) , utilizing the optical effect of diffracting 
light and the intensity distribution of light in the 
specific area can be made unifo rm • Furthermore, the 
display device of this embodiment can provide highly 
bright images by raising the efficiency of utilization 
of light. Thus, the display device of this embodiment 
can be made very thin and lightweight at low cost. 
Sixth embodiment 

Techniques for scattering light by forming light 
scattering elements of fine recesses or projections 
that are different from diffraction gratings on a 
substrate (processing a substrate to from fine 
undulations) and roughening the surface of the 
substrate are known. FIG. 23A is a schematic front 
view of an optical diffusion film having light 
scattering elements formed by fine box like 
projections. FIG. 23B is a schematic front view of 
another optical diffusion film having light scattering 
elements formed by fine elliptic projections. The 
projections may be replaced by so many recesses . 

Conventionally, such undulations are formed by 
roughening the surface by etching or by using a 
chemical. However, with such techniques, it is 
difficult to change the degree of scattering light by 



changing the extent of projections or recesses formed 
in respective fine areas on the surface of the 
substrate . 

However, it is possible to carry out a patterning 
operation on the surface of a substrate by using a 
patterning device that is used in a semiconductor 
manufacturing process as described earlier by referring 
to the first embodiment and controlling the dimensional 
ratios and the profile of the recesses or projections 
formed on the surface. The light scattering elements 
preferably contain an eccentric surface profile having 
a short axis and a long axis (such as that of a box or 
an ellipse) and are formed on a flat substrate as 
recesses or projections. The light scattering effect 
of the light scattering elements in the direction 
perpendicular to the short and long axes can be 
controlled by modifying length of the short axis and 
that of the long axis. Light of a specific wavelength 
is prevented from being intensified in a specific 
direction and the distribution of scattered light can 
be made continuous by randomly arranging light 
scattering elements. Then, white light is used for the 
purpose of lighting, scattered light can be made also 
white. The intensity of scattered light produced by a 
light scattering member can be modified by changing the 
density of light scattering elements in the light 
scattering member and/or the depth (height) of the 



undulations of the light scattering body. Thus, extent 
of scattering light (in terms of angle and the 
intensity of reflected light) can be modified by 
controlling the dimensional ratios and the profile of 
the recesses or projections formed in the light 
scattering member. 

A further improved light scattering effect can be 
expected by combining this embodiment of optical 
diffusion film and any of the other embodiments of the 
present invention. FIG. 24 is a schematic front view 
of the optical diffusion film of the sixth embodiment 
and illustrated in FIGS. 23A and 23B as combined with 
the diffraction grating cell array of the first 
embodiment. It will be appreciated that the short 
edges of the box shaped light scattering elements are 
arranged in the direction of juxtaposition of the 
diffraction gratings and the direction of scattering 
light of the diffraction gratings agree with that of 
the light scattering elements. Additionally, light 
scattering elements are formed outside the diffraction 
grating cells (along the periphery of the latter) . 
However, it should be noted that the arrangement of 
light scattering elements is determined depending on 
the required optical performance thereof. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the present invention in its broader aspects is not 



limited to the specific details, representative devices 
and illustrated examples shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general 
inventive concept as defined by the appended claims and 
their equivalents. For example, while the above 
embodiments are described in terms of arranging 
diffraction grating cells in the form of a two- 
dimensional matrix, the present invention is by no 
means limited thereto and diffraction grating cells may 
alternatively be arranged in the form of an array {one- 
dimensional matrix) . Similarly, while the above 
embodiments are described in terms of sector-shaped 
diffraction gratings that constitute diffraction 
grating cells, the present invention is by no means 
limited thereto and differently curved diffraction 
gratings may alternatively be used. Likewise, while 
the above embodiments are described in terms of liquid 
crystal display device, the present invention is also 
applicable to a plasma display or a CRT display. 



